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(57) Abstract: Disclosed is a flame retardant comprising bisphenol A bis(diphenyl phosphate) and its dimer, the former having an 
ltPLC determined 78 to 87 area % and an 85 to less than 90 normalized area %, the normalized area % being based on the total HPLC 
area % of the bisphenol A bis(diphenyl phosphate) and the dimer. The flame retardant also has a low isopropenylphenyl diphenyl 
phosphate and a low triphenylphosphate contenL 
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BISPHENOL-A BISfDIPHENYL PHOSPHATEVBASED FLAME RETARDANT 

BACKGROUND OF THE INVENTION 

This invention relates to a novel liquid flame rctardant having a high bisphenol-A 
bis(diphenyl phosphate) content. 

Bisphenol-A bis(diphenyl phosphate) is a well known flame retardant for use in normally 
5 flammable resins and is especially useful in flame retarding polycarbonate/acrylonitrile-butadiene- 
styrene (PC/ABS) compositions. It also finds use as a flame retardant in polyphenylene oxide/styrene 
compositions. 

The art is replete with processes and process improvements for the production of bisphenol-A 
bis(diphenyl phosphate). Sec, for example, U.S. 2,520,090; U.S. 5,281.741; U.S. 5,750,756; GB 
10 734,767; and WO 98/35970. 

Despite past efforts, there is still a need for a liquid bisphenol-A bis(diphenyl phosphate)- 
based flame retardant which is resistant to crystallization at room temperature but which has a high 
phosphate content and a very low impurity content. It is an object of this invention to address such 
need. It is also an object of this invention to provide an improved bisphenol-A bis(diphenyl 
15 phosphate)-based flame retardant. It is a further object of this invention to provide a resin 
formulation containing the bisphenol-A bis(diphenyl diphosphate^ of the invention. 

THE INVENTION 

In its broadest sense, this invention provides a bisphenol-A bis(diphenyl phosphate) 
monomer-based flame retardant which is a liquid at room temperature, i.e., 20 to 25°C, and which 
20 is resistant to the formation of crystals over time. In a preferred form, this invention provides a flame 
retardant comprising bisphenol-A bis(diphenyl phosphate) and its dimer, the former having from 78 
to 87 HPLC area % and from about 85 to less than 90 normalized area %, the normalized area % 
being based on the total HPLC area % of the bisphenol-A bis(diphenyl phosphate) and the dimer. 
Additionally, this invention provides a bisphenol-A bis(diphenyl phosphate)-based flame 
25 retardant having a low isopropenylphenyl diphenyl phosphate content. 

Further, this invention provides a bisphenol-A bis(diphenyl phosphate)-based flame retardant 
having a low triphenyl phosphate content. 
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Still further, this invention provides a bisphenol-A bis(diphenyl phosphate)-bascd flame 
retardant which is a liquid and is resistant to the formation of crystals and which has a high 
phosphorus content, a low isopropcnylphenyl diphenylphosphate content and a low triphenyl 
phosphate content. 

5 These and other features of the flame rctardants of this invention are more fully discussed 

below. 

Detailed Description of the Bisphenol-A bisfdiphenyl phosphate) Based Flame Retardants of the 
Invention 

It has been discovered that it is possible to design a high phosphorus bisphenol-A 
10 bis(diphenyl phosphate)-based flame retardant so that, at room temperature, it is a liquid and is 
resistant to crystallization by specifying that the flame retardant contain certain levels of the dimer 
of bisphenol-A bis(diphenylphosphate). This discovery is based on work which shows that if the 
bisphenol-A bis(diphcnylphosphate) content of the flame retardant is high, say 90+ area % by HLPC, 
the flame retardant can be a solid at room temperature or if not a solid, a liquid which is very viscous 
15 and which has a tendency to form crystals in storage. (Unless otherwise indicated, all area %'s are 
determined by HPLC.) Thus, it was reasoned that if the bisphenol-A bis(diphenyl phosphate), i.e., 
the monomer, purity could be reduced by the presence of a specific amount of an impurity, the 
formation of the solid form or the tendency for crystallization to occur in the liquid form could be 
avoided. The impurity could not be one which would adversely affect the flame retardant's qualities 
20 or its performance in use. In addition, the impurity had to act as a solvent or a melting point 
depressant for the monomer to hold it in the liquid phase. An ideal impurity, it was discovered, is 
the dimer of bisphenol-A bis(diphenyl phosphate). The dimer not only attenuates the formation of 
a solid flame retardant or crystallization in the liquid form, it is also a contributor to the total 
phosphorus content of the flame retardant. (It is pointed out that the trimer of bisphenol-A 
25 bis(diphenyl phosphate) is also an impurity which contributes to the same functions as the dimer. 
However, the amount of trimer present is usually quite small and thus, focus is kept on the dimer in 
defining the flame retardants of this invention.) The dimer is easily obtained in situ as it is a product 
of the process for producing the bisphenol-A bis(diphenyl phosphate) from the reaction of POCl 3 and 
bisphenol-A followed by the reaction of phenol with the first reaction product. Not any amount of 
30 dimer, however, is suitable for these purposes. 

The amount of dimer needed is tied to the amount of bisphenol-A bis(diphenyl phosphate) 
in the flame retardant. For the flame retardants of this invention, the amount of bisphenol-A 
bis(diphenyl phosphate) lies within the range of from 78 to 87 area %, preferably 80 to 85 area %, 

-2- 

BNSOOCIO: <WO 00770t2AlJ_> 



WO 00/77012 



PCT/US00/15598 



and most preferably 82 to 85 area %. The amount of dimcr needed is that amount which will give 
a normalized area % for the bisphenol-A bis(diphenyl phosphate) which is within the range of from 
83 to less than 90 %, preferably from 85 to 89 %, and most preferably from 85 to 88%. Again, the 
normalized area % is based on the total of the area % 5 s for the bisphenol-A bis(diphenyl phosphate) 

5 and its dimer. If less dimer than recited above is used, its useful effects are diminished, if more 
dimer is used, then the character of the flame retardant and its use in a resin formulation is affected. 
For each bisphenol-A molecule used to produce bisphenol-A bis(diphenyl phosphate), there are two 
phosphorus substituents, whereas for each molecule of bisphenol-A used to produce the dimer, there 
are only one and one-half phosphorus substituents. The structural formulas of the two make that 

10 clear. The bisphenol-A bis(diphenyl phosphate) molecule, which can be referred to as a monomer, 
has the structure: 




which has two phosphorus substituents per bisphenol-A constituent. 



The dimer has the structure: 




OPh 



OPh 



15 



which has three phosphorus substituents for the two bisphenol-A constituents. 

The amount of dimer in the flame retardants of this invention is within the range of from 10 
to 13 area %, preferably from 11 to 13 area %, and most preferably from 12 to 13 area %. 
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The flame retardants of this invention will also have a trimcr content, the trimer having the 
structure: 




The role that the dimer content (or the trimer content) plays in determining that a bisphenol-A 
bis(diphenyl phosphate)-based flame retardant is liquid at room temperature and is resistant to 
5 crystallization during storage is not reported in the prior art. In addition, there is no known prior art 
method for specifically obtaining the required dimer contents of this invention. The method for 
producing the flame retardants of this invention is disclosed below. 

The flame retardants of this invention also feature a very low isopropenylphenyl diphenyl 
phosphate content. This compound is considered by some in the resin formulation industry as a 
10 deleterious impurity whose presence must be minimized. The flame retardants of this invention 
preferably contain no more than 0.01 area % of this impurity. The structure for this impurity is: 

/\ 

PhO OPh 

It has been found that the isopropenylphenyl diphenyl phosphate content is not reduced by simply 
washing the crude product precursor to the final flame retardants of this invention. It is believed that 
the content of this impurity in the final flame retardant is determined early on in the manufacturing 

15 sequence. More discussion on this aspect is found below. 

A widely recognized and particularly troublesome impurity found in bisphenol-A 
bis(diphcnyl phosphatc)-based flame retardants is triphcnylphosphatc. This impurity tends to "juice" 
in the resin formulation and adversely affect the formulation's physical characteristics. The flame 
retardants of this invention are advantaged as they contain less than about 2.5 area % triphenyl- 

20 phosphate and preferably less than about 2.0 area %. Most preferred are flame retardants containing 
less than about 1.5 area % of this impurity. 
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The flame retardants of this invention, after washing and neutralization, will have an acid 
number less than about 2.0 mg KOH/g and preferably less than about 0.1 5 mg KOH/g . 

The melting point range of the flame retardants of this invention is found to be below room 
temperature, say 20-25°C. 
5 The flame retardants of this invention arc best described as viscous oils at room temperature. 

Their viscosity is within the range of from 16,000 to 1 8.500 cP at 25°C, 2200 to 2400 cP at 40°C and 
40-60 cP at 100°C. 

Processes for the Manufacture of the Bisphenol-A bisfdiphenvl phosphate^ Based Flame Retardants 
of this Invention. 

10 The flame retardants of this invention are produced in a two step process. The first step 

entails producing the intermediate, diphosphorotetrachloridate of bisphenol-A, and, to a specified 
extent, its dimer (and trimer), by gradually adding, over time, bisphenol-A to a reactor containing an 
excess of phosphorus oxyhalide, the halide being bromine or chlorine, and a catalytic amount of a 
metal halide, e.g., magnesium chloride. 

15 Experimental work has shown that the obtainment of the desired monomer to dimer 

relationship is dependent upon the mole ratio of POCl 3 to bisphenol-A in the first step of the process 
and the selected process catalyst. Further work has also suggested that vigorous agitation and the rate 
of bisphenol-A addition can increase the amount of monomer produced. 

It is preferred that the ratio of POCl 3 to bisphenol-A be within the range of from 3.5:1 to 

20 4.5:1. These ratios define a large excess of POCl 3 above the stoichiometric amounts. Such excesses 
serve an additional purpose, that is, the excess POCl 3 acts as a solvent for the process. Thus, no other 
process solvents, organic or otherwise, are needed. 

The preferred catalyst is MgCl 2 for use in both process steps. The amount of catalyst used 
in the first step is generally in an amount of from 0.01 to 4.0 wt% based on the weight of the 

25 bisphenol-A fed. In the second step, if the catalyst is the same as that used in the first step, the 
original catalyst provided remains in the reaction mass and is sufficient for the second step. If the 
second step catalyst is different than the first step catalyst, then there is provided about 0.8 wt% 
catalyst, based on the weight of the bisphenol-A fed to the reaction mass. Other suitable catalyst 
include, metal halide salts such as aluminum chloride, calcium chloride, zinc chloride and titanium 

30 tetrachloride. 

It is preferred that the bisphenol-A be added to the POCl 3 in increments or on a continuous 
basis. As mentioned previously, experimental work has suggested that the monomer/dirner 
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relationship, i.e., the normalized area % of the bisphenol-A bis(diphcnyl phosphate), can be affected 
by adjusting the rate of feed of the bisphenol-A to the POCI v The trend suggests that high rates of 
bisphenol-A addition favor the production of the monomer. It is believed that for a particular set of 
process parameters and for a particular reactor size and configuration, the determination of the best 
5 bisphenol-A feed rates is performed by trial and error. 

During and after the bisphenol-A addition, HC1 is removed from the reaction mass as it 
evolves therefrom. 

The reaction mass temperature during the bisphenol-A addition is kept within the range of 
from 85 to 106°C to insure that the reaction between the POCl 3 and bisphenol-A proceeds 
10 expeditiously. After the bisphenol-A addition is complete, the reaction mass is maintained until the 
reaction is deemed complete. The bisphenol-A feed and temperature maintenance periods together 
can range from 3 to 6 hours, and more usually from 4 to 5 hours. If the temperature is too low during 
the bisphenol-A addition and temperature maintenance periods, say below 70°C, it is believed that 
the final bisphenol-A bis(diphenyl phosphate)-based product will contain a high amount of 
15 isopropenylphenyl diphenylphosphate. It is theorized that a low temperature slows the reaction 
between the POCl 3 and bisphenol-A thereby giving more opportunity for a breakdown of the 
bisphenol-A reactant to phenol and isopropenylphenol, which in turn react with POCl 3 to yield 
isopropenylphenyl diphenyl phosphate. 

After all or essentially all of the bisphenol-A has been reacted with the POCl 3 , which can be 
20 monitored by noting HC1 evolution, the reaction mass is heated under a reduced pressure to distill 
off the excess POCl 3 . Pressures of about 50 torr can be used. Distillation pot temperatures beginning 
at 50°C and ending at 150 to 160°C are suitable. Alternatively, the POCl 3 can be removed by 
stripping the heated reaction mass with an inert gas such as nitrogen. The distillation continues until 
typically < 3.5 mole % phosphorus as POCl 3 is detected in the reaction mass by 31 P-NMR. It is 
25 important to reduce the amount of POCl 3 in the reaction mass to a minimum because the remaining 
POCl 3 will react with the phenol added in the second step to produce the undesired impurity, 
triphenyl phosphate. The lower the POCI 3 remaining in the reaction mass going to the second step, 
the lower the triphenyl phosphate concentration. 

In the second step, the resultant intermediate product (monomer, dimer and trimer) from the 
30 POCl 3 distillation is reacted with phenol in the presence of any one of the previously discussed 
catalysts. The phenol, in the molten state, is fed to the intermediate reaction mass which is at a 
temperature of from 130 to 1 60°C. The amount of phenol fed provides from 3.8 to 4, and preferably 
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about 3.9 moles of phenol per mole of bisphenol-A fed in the first step. The reaction mass is kept 
at a temperature of from 130 to 180°C until no further evolution of HC1 is detected. In some cases, 
it may be advantageous to add a small amount of phenol after the last HC1 is detected to insure that 
the reaction is indeed complete. If indicated by NMR or if no evolved HC1 is detected after this 
5 addition, then the reaction is confirmed as being complete. Generally, the reaction time (at the above 
temperatures) for the second step is within 24 hours and preferably occurs in about 6 hours which 
includes addition times of less than three hours. 

After the reaction has been deemed complete, the reaction mass is dissolved in an organic 
solvent and washed with caustic, which can be sodium or potassium hydroxide. Multiple water 
10 washes are also used. After each washing, there is a phase separation. After the washing, the organic 
solvent is removed by heating under a reduced pressure. Typical organic solvents are methyl- 
cyclohexane, toluene, xylene, cyclohexane, heptane, and mixtures of any two or more of the 
foregoing. Most preferred is a 50 wt% mix of methylcyclohexane and toluene. 

Examples Illustrating the Features of the Invention 

15 The following Examples illustrate the principles of the invention. Examples I and IV-XI are 

of the invention. Examples II and III are comparative experiments and are not of the present 

invention. The abbreviations used are: DPP = diphenyl phosphate; TPP = triphenyl phosphate; IPP 

= isopropenyl phenyl diphenylphosphate; and BPADP = bisphenol-A bis(diphenyl phosphate). The 

BPDAP normalized area % was calculated in accordance with, 

20 BPDAP area % 

BPDAP Normalized Area % = 

BPDAP area % + dimer area % 

EXAMPLE I 

Step 1 

25 A 4 necked 2000 ml round-bottom flask was equipped with a mechanical stirrer, a Friedrich 

condenser stacked on top of an Allihn condenser (tap water used for coolant), and a thermocouple 
well. The glassware was dried and flushed with nitrogen. A nitrogen blanket was maintained on the 
contents of the flask by having a nitrogen flow (0.5-1.0 SCFH) T'eed into a line connecting the 
condenser and a scrubber solution (water or caustic will work) to absorb the HC1 that is evolved. The 

30 flask containing the scrubber solution was placed on a balance to determine the mass of the HC1 
evolved. To the pot was added POCl 3 (1226 g, 7.99 mol) and anhydrous magnesium chloride (3.56 
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g ? 37.4 mmol). The reaction mixture was warmed to 98°C and the BPA (456 g, 2.00 mol) was added 
portion-wise as shown in the Table below. 



Tabic I 
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A sample of the reaction mixture was looked at by *H NK4R (CDC1 3 ) and it showed that all of the 
BPA had reacted. 

The condenser stack was replaced with a 1 piece distillation takeoff/condenser. The 
mechanical stirrer was replaced with a magnetic stirrer and the condenser was cooled with antifreeze 
5 at -15°C. The excess POCl 3 was removed by vacuum distillation at 33-61°C/50 torr at a pot 
temperature of 53-156°C. The distillation was ended when there was about 30 seconds between 
distillate drops. There was obtained 584 g of clear, colorless recovered POCl 3 . A 31 P NMR (CDC1 3 ) 
showed that the distillation pot residue contained about 0.8 mol % of POCl 2 . 
Step 2 

10 The magnetic stirrer was replaced with a mechanical stirrer and the stack of condensers 

returned in place of the distillation takeoff/condenser. A 250 ml jacketed addition funnel on an offset 
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adapter was mounted on the 2000 ml flask. A nitrogen blanket was maintained on the contents of 
the flask by having a nitrogen flow (0.2-1 .0 SCFH) Teed into a line connecting the condenser and 
a scrubber solution (water or caustic will work) to absorb the MCI that is evolved. The flask 
15 containing the scrubber solution was placed on a balance to determine the mass of the MCI evolved. 

The reaction mixture was stirred while it was warmed to about 145°C and the molten phenol (752 
g, 7.99 mol) was added as shown in the table below. 



Table II 
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The reaction mixture (1 362 g) was transferred to a jacketed wash kettle (5 liter 4 necked flask 
with a bottom drain and a mechanical stirrer) with a mixture of 1000 g of toluene and 1004 g of 
methylcyclohexane. The reaction mixture was washed at 60-72°C with 300 g of 10 wt % aqueous 
potassium hydroxide (all of the other experiments used 10 wt % aq. sodium hydroxide, obtained 434 
5 g of aqueous phase, pH~14), 300 g of 5 wt% aqueous potassium hydroxide (obtained 334 g of 
aqueous phase, pH-14), 301 g of tap water (obtained 304 g of aqueous phase, pH-1 1), 302 g of tap 
water (obtained 304 g of aqueous phase, pH-8), and then 302 g of tap water (obtained 307 g of 
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aqueous phase, pH-7). There was obtained 3157 g of organic phase which was gravity filtered 
(Whatman 2 V paper). The volatiles were removed on a rotavap (2 torr/90°C). The residual solvent 
10 was removed in a vacuum oven at 150°C/2 torr to give 11 89 g of slight cloudy colorless product as 
a viscous oil. The product by HPLC analysis contained 0.07 area % DPP, 0.1 1 area % phenol, 0.49 
area % half-ester, 0.002 area % IPP, 84.17 area % BPADP, 12.35 area% dimer, and 1.53 area% 
trimer. 87.2 normalized area % for the BPADP was caculated. 



EXAMPLES II and III 

15 (Comparative Examples) 

Example II was run in a manner similar to Example I except that it was run in 1 1 A scale and 
used laboratory glassware. Example III was run in the manner of Example 1. The process parameters 
of Examples I and II are recited in Table 111. 



EXAMPLES IV-IX 
20 (Of the Invention) 

Examples IV-IX were run in the manner of Example I. The process parameters of Examples 

IV-IX are recited in Table III. 
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EXAMPLE X 
(Of the Invention) 

Step 1 

Phosphorus oxychloride (POCl 3 , 306.7 g r 2.0 mol) and N4gCl 2 (0.95 g, 0.01 mol) were added 
5 into a 1 L round-bottomed flask equipped with a Friedrich's condenser (8.5°C). The reaction mass 
was stirred at 90-95°C under a pad of nitrogen. BPA was added in six increments 1 1 4.9 g (total, 0.50 
mol) over 1 .5 hours. After an additional 3 hours at 105°C, reaction completion was shown by the 
weight of HC1 evolved into a water scrubber (35.8 g HC1 trapped, 98% of theoretical). Excess POCl 3 
was then removed by distillation from the reaction mass until no POCl 3 was detected using 3I P-NMR. 
10 Step 2 

The reactor was reconfigured with a jacketed addition funnel and nitrogen pad inlet through 
the addition funnel. The evolved HC1 passed through an expansion piece in the reactor neck into an 
aqueous trap, its weight also used for monitoring the reaction progress. Molten phenol (1 74. 1 g , 1 .9 
moles at 72°C) was added dropwise over 1.5 hours into the reactor held at 128-134°C and, after 

15 addition, reaction proceeded at 148°C for an additional 3 hours, followed by NMR and HPLC 
analysis of the crude product. The total mass yield of crude product was 322.1 g (92.3% yield, with 
BPA as limiting reagent). HPLC showed 69.9 % BPADP, 9.07 % oligomerics, 1 1.0 % unknowns, 
2.35 % PhOH, no TPP was detected, and the IPP level was < 0.01 %. An 88.5 normalized area % 
for BPADP was calculated. 

20 The crude BPADP was purified by dissolving 286.4 g into 483.5 g of mixed solvent (50 % 

wt methylcyclohexane : toluene), then washing with two 1 50 g portions 10 % wt. NaOH. There was 
a phase separation at 70°C after each wash. The organic phase was then washed with three portions 
of water, which was separated from the aqueous phase after each wash. Solvent removal and drying 
of the organic phase were accomplished by distillation and nitrogen stripping. The organic phase 

25 recovery in the purification step was 91 .3 wt %. The residual solvent was removed in a vacuum oven 
(12 hours, 30 mm Hg; 140°C). The product analysis by HPLC showed 84.7 area % BPADP, 12.0 
area % dimer, 1 .46 area % trimer, < 0.01 area % IPP, 0.1 1 area % half ester, 0.27 area % DPP. 

EXAMPLE XI 
(Of the Invention) 

30 The procedure of Example X was followed except that 413.1 g POCl 3 , 176.6 g of bisphenol- 

A, 1.51 g MgCl 2 , and 305.9 g phenol (3.25 moles) were used. The final product contained 80.5 area 
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% bisphenol-A bis(diphenyl phosphate), 11.9 area % dimer, 1.57 area % trimer, <0.01 area % 
isopropenyl- phenyldiphenyl phosphate and 1.61 area % triphenyl phosphate. 

HPLC Analysis 

Method 

5 The HPLC method used to obtain the area % values reported herein is described below. The 

method uses UV detection at 254 nm with and acetonitrile/watcr gradient on a reverse phase CI 8 
column. 

The sample is dissolved in acetonitrile at a concentration of approximately 2500 ppm. An 
aliquot of the solution is then transferred to an autosampler vial. A small portion (10 pL) is injected 

10 into the HPLC and analyzed under gradient conditions at a wavelength of 254 nm. Area % values 
are calculated for all peaks in the chromatogram. External standard reference materials are available 
for the following impurities: DPP, Phenol, BPA, and TPP. Solutions of these reference materials are 
made up at concentrations of 1 00 ppm. Each is injected and analyzed following the conditions listed 
below. Response factors are calculated for each of these reference peaks to allow weight % values 

15 for these impurities to be calculated from the sample chromatograms. One impurity, IPP, has been 
determined to have a UV response significantly greater than the rest of the peaks in thechromato- 
gram. This was determined using other analytical techniques. Since a reference standard is not 
available for this material, the area value of this peak may be divided by 8 and then area % values 
for the chromatogram are recalculated. 

20 Details of the instrument, test conditions, peaks and corresponding retention times are listed 

below. 

HPLC Instrumentation . 

Any suitable HPLC system equipped with a multisolvent delivery system capable of binary 
gradient elution, UV detection at 254 nm, automatic sample injector capable of 10 pL sample 
25 injection. The HPLC instrument used to obtain the area % values reported was a Hewlett-Packard 
Model 1090. 
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HPLC Conditions 

Set the instrument conditions as follows: 



Column: 

Temperature: 

Flow: 

Detector Wavelength: 
Injection volume: 
Analysis time: 



Waters Novapak (4 urn) CI 8 (3.9 x 75 mm) 

Ambient 

1 .0 mL/minute 

254nm 

10 ixL 

30 minutes 



Gradient Profile : 

10 Time(min) % Water %Acetonitrile 

0 60 40 

7 5 95 

12 5 95 

18 60 40 

15 30 60 40 



Compounds and Approximate Retention Times 



DPP 


0.4 min. 


Phenol 


0.9 min. 


BPA 


1 .9 min. 


TPP 


5.4 min. 


Half Ester 


6.2 min. 


IPP 


7.3 min. 


BPADP 


8.2 min. 


n-2 


10.0 min 


n-3 


12.4 min 



The flame retardants of this invention can be used in a wide variety of polymer resins. As 
before noted, they are useful in polycarbonate and acrylonitrile-butadiene-styrene blends (PC/ABS) 
and in polyphenylene oxide containing blends, especially blends with high impact polystyrene 
30 (PPO/HIPS). Other resins in which the flame retardants of this invention are useful are poly- 
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phenylene oxide, high-impact polystyrene, polycarbonate, polyurethane, polyvinyl chloride, 
acrylonitirle-butadiene-styrene and polybutylcne terephthalate. The flame rctardants of this invention 
will generally be use in amounts ranging from 7 to 20 \vt% in the resin, based upon the total weight 
of the entire resin formulation. The flame retardants of this invention are also suitable for use in 
5 combination with other formulation constituents. For example, plasticizers, impact modifiers, 
antioxidants, UV stabilizers, pigments, fillers may be used. Reference to the prior art will identify 
further constituents which are suitable additives in for resin formulations. 
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CLAIMS 

1 . A flame reiardant comprising bisphenol A bis(diphenyl phosphate) and its dimer, the 
former having an HPLC determined 78 to 87 area % and 85 to less than 90 normalized area %, the 
normalized area % being based on the total HPLC area % of the bisphenol A bis(diphenyl phosphate) 

5 and the dimer. 

2. The flame rctardant of Claim 1 wherein the bisphenol A bis(diphenyl phosphate) 
comprises from 85 to 88 normalized area % of the flame retardant, 

3. The flame retardant of Claim 1 wherein the bisphenol A bis(diphenyl phosphate) 
comprises from 86 to 88 normalized area % of the flame retardant. 

10 4. The flame retardant of Claim 1 wherein there is additionally present from 0.05 to 2.5 

area % triphenyl phosphate as measured by HPLC. 

5. The flame retardant of Claim 1 wherein the HPLC area % for the bisphenol A 
bis(diphenyl phosphate) is from 80 to 85 area %. 

6. The flame retardant of Claim 5 wherein the bisphenol A bis(diphenyl phosphate) 
15 comprises from 85 to 88 normalized area % of the flame retardant. 

7. The flame retardant of Claim 5 wherein the bisphenol A bis(diphenyl phosphate) 
comprises from 86 to 88 normalized area % of the flame retardant. 

8. The flame retardant of Claim 5 wherein there is additionally present 0.05 to 2.5 area 
% triphenyl phosphate as measured by HPLC. 

20 9. A flame retardant comprising a predominate amount of bisphenol A bis(diphenyl 

phosphate) and no more than about 0.0 1 area % isopropenylphenyl diphenyl phosphate as determined 
by HPLC. 

10. The flame retardant of Claim 9 wherein there is additionally present the dimer of 
bisphenol A bis(diphenyl) phosphate, the bisphenol A bis(diphenyl phosphate) having an HPLC 

25 determined from 78 to 87 area % and a from 85 to less than 90 normalized area %, the normalized 
area % being based on the total HPLC area % of the bisphenol A bis(diphenyl phosphate) and the 
dimer. 

1 1. The flame retardant of Claim 10 wherein the bisphenol A bis(diphenyl phosphate) 
comprises from 85 to 88 normalized area % of the product. 

30 12. The flame retardant of Claim 10 wherein the bisphenol A bis(diphenyl phosphate) 

comprises from 86 to 88 normalized area % of the product. 
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1 3 . The flame retardant of Claim 9 wherein there is additionally present from 0.05 to 2.5 
area % triphenyl phosphate as measured by HPLC. 

14. A composition comprising a normally flammable resin and an amount of the flame 
retardant in Claim 1 sufficient to impart flame retardant qualities to the composition. 

5 1 5. A composition comprising a normally flammable resin and an amount of the flame 

retardant in Claim 9 sufficient to impart flame retardant qualities to the composition. 

16. The composition of Claim 14 wherein the resin is a thermoplastic resin. 

1 7. The composition of Claim 14 wherein the resin is selected from the group consisting 
of blends of polycarbonate/acrylonitrile-butadiene-styrene and blends of polyphenylene oxide/poly- 

10 styrene. 

18. The composition of Claim 1 5 wherein the resin is a thermoplastic resin. 

19. The composition of Claim 15 wherein the resin is selected from the group consisting 
of blends of polycarbonate/acrylonitrile-butadiene-styrene and blends of polyphenylene oxide/poly- 
styrene. 

15 20. A process for preparing a flame retardant product containing bisphenol-A bis(diphenyl 

phosphate) and its dimer, the process comprising adding bisphenol-A to a stoichiometric excess of 
FOCl 3 and a catalytic amount of catalyst at a temperature of from 85 to 106°C to form a first reaction 
mass, the addition rate of the bisphenol-A being such that the amounts of diphosphorotetrachloridate 
of bisphenol-A monomer and its dimer so produced yield from 85 to less than 90 normalized area 

20 % for the diphosphorotetrachloridate, and reacting the so produced diphosphorotetrachloridate and 
its dimer with phenol to yield bisphenol-A bis(diphenyl phosphate) monomer in an amount which 
is substantially equal to the normalized area % value for the diphosphorotetrachloridate monomer, 
all normalized area % values being based on the monomer and its associated dimer. 

21. The process of Claim 20 wherein, prior to the reaction of the diphosphorotetra- 

25 chloridate with the phenol, the POCl 3 content of the first reaction mass is reduced to below about 3.5 
mole %. 
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